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FLUO«JWATED KANTHENE DERIVATIVES 

FIELD OF THE INVENTION 

The invention relates to novel tluorinated Athene dyes (including fluorescein and rhodoi dyes), 
reactive dye derivatives, dye-conjugates and dyes that are enzyme substrates; and to their use.. 
Additionally a facile synthesis for fiuorinated resorcinols and aminophenois is prov.ded. 

10 BACKGROUND OF THE INVENTION 

Fluorescent dyes are known to be particularly suitable for biological applications in which a 
highly sensitive detection reagent isdesirabh. Fluorescent dyes are used to in, P art both visible color and 
fluorescence to other materials. Thedyes of this invention are fluorine-substituted ana.ogs of xanthene- 
15 based dyes that are typically fluorescein or rhodoi derivatives 

"Fluorescein" dyes include derivatives of 3tathen-S-ol-3^e that are substituted at the 9- 
position by a 2-carboxyphenyl group, while "rhodo! dyes" include derivatives of 6-amino-3F-Kanthen^ 
one that are substituted at the 9-position by a 2-carboxypheny! group. 



20 





Rhodols and fluoresceins are typically substituted at the 1-position by a derivative capable of 
forming a 5- or 6-membered lactone or lactam ring: 
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r L I * rt chift the wavelength of fluoresceins, new 

Desoitethe known tendency of halogenauon to shitttne waveiw & 

fiuDieSCe ° ' „ . iBplmfiM , neater photostability and a significantly lower 

with demonstrated advantages over fluorescein, mcludmg greater pho y 

pKa l>u pn u decreased quenching of dye on conjugates 

fluorinated dyes are retained in their conjugates and there ts decreased qu g 

■ . ..itnW.fnmse in known applications of fluoresceins and rhodols 
fee Figure 1). The new materials are suitable for use m Known iw 

te B r g ' „ . „ MrnH7 Additionally, polyflnorination of the phenyl 

excent those requiring sensitivity to pH changes near P H7„ Adfliuonany, P 

except tnose requ B . . , j , . „ mv ; rt « a novel route to reactive derivatives and 

substitnent present in most fluorescein and rhodoi dyes provides a ro 
^jugate, Certamfluonnatedx.nthenesareunexp.cted.ywd 

,patible with methods that are typically used to prepare 



The unique chemistry of fluorine is incomj 
chlorine, bromine or iodine substituted fluorescein 
fluororesorcinol and fluoroammophenot intermediates 
means of preparing i'- and/or ^substituted xanthenes is also described.. 



derivatives, and efficient methods for preparing 
have not previously been described. A novel 
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DESCRIPTION OF DRAWINGS 
(A), Compound 35 {□) and 6-carboxyfluoresccin (@). 
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Figurei: The effect of fluorination on pH-dependent fluorescence: Compound 35 (®>, and 6- 
carboxyfluorescein (O) (excitation/emission at 490/520 nm). 

Figure 4: Relative pho^biiity of phalloidin conjugates of e-carboxymethylthio-r^JJ'- 
s pentafluorofluorescein (■) and 6-cBrboxyfluorescein (•). 

p^S-.Retentionoffluorescencein entreated wim 1 ) Compound 25, 2) fluorescein dictate 
(FDA) and 3) Compound 26. 
I0 gufcJMARY OF THE INVENTION AND DESCRIPTION OF PREFERRED EMBODIMENTS 

.* «»)>-«• used in •* — <W* - CH2 * 
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In one embodimeat, the dyes have the formula 




Fonnulal 



R 1 R 10 " 



25 Substituents Rl and R* are independently H, F. CI, Br, I, C t -C, 8 alkyl or C i-C, . aikoxy. 

Typically, R l and R 6 are H or F. 
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tort, 1-6 antao. or n »>.=ytoP<W ester. ™d R^ is H or C1-C6 ulltyl- 

SmAiS -NRWer-OR7.»h««R7 iS H,C 1 ^ 8 »M»rC,-C 1E ^^ 

pipenline IbB fe opIioMlly "* ai »" cd >* n * ,hyl ° ra " ta[ >'- 

*l portions of «k — -« — - R '° fc ™ ^ 

16 1 R 12 

R 1 5 A^A R 13 
R 14 

^ . n Br I ortKW »fcCN,nto,hydrox,.»ido.»»inoorhyJ™».o.orC^ 1 8 

which are optionally substituted by F, CI, Br, I, hydroxy, cnroo y, 

^o fR .3. R «4. R , 5maR .o.^^^«»>™^^^ m ""•" 



WO 

Rl fi are F, and R* 2 is a carboxy or a sulfo. 



in another embodiment, the dyes have the formula 




Formula II 



where substituents R^?, R 10 , and A are as defined previously, and R^ is a hydroxy, CN or C|_6 
alkoxy, or R 10 and R* * form a 5-membered spimlactone ring, or R 1 1 and R*2 form a 5- or 6-membered 
10 spirolactone ring, or a 5- or 6~membered sultone ring, for example (additional substituents are not 
shown): 




15 The methylene carbons of the spirolactone ring or spirosukone ring are optionally and independently 
substituted by H, F or CH3, 

Alternatively, R 10 together with R* 1 is a carbonyl oxygen, according to the simplified formula 
below (additional substituents are not shown). 
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«- a b or', r» b «* - R» * «" to ' itad *• is a flu ™ * 

0 radihyd™f"»»« ei "< F ™ m " ,,llI) - W.«=A. 5 NR«R».R' «<■)»- 
,0 dye is . il«»H (Form.* I) or . dihyd,»rh<>d<>l<F°™»I» 0). 

^^^^^^^^^^ 

„fp1 r2 r3 r4 RSandR 6 isF, In an additional 
embodiment, wh^atleastoneofR^RB.R^dRS^F.noneofR .R .R . 

, . „r»2 n3 R4andR 5 isF,atlettstoneofR l ^R 1 ^R , . 
20 yet another embodiment, where at least one of R^, R . ™ * > %j ^ ^ ? 

RlSandR^kF. in another embodiment at least one of the substrtuents 

Ri>andR Kti , R 2R3R4andR5areH.F,aBr.l,orC l .C 6 fllkoxy, P rov.ded 
Alternatively, R' and are H, and R*. R*. R . and R 

.Wleastoneofmesubsu^ ■* 
totptleastone RiSandRie.sF. In another embodunem, each 

Rl6 isF . In one embodiment, four of R«.R".R ' .3 14 |5 ^ 

,3 ^Rl^W^Inano*^^ 

R 16 fcF . — iW-*"- In yet another emboduno* Rl -F. 

ellK wnereft n*. ,v ^ nrBr? and A= OR^, where each 01 

Rl3 through R« « fluorinated, the resuhmg dyes react readily witt 
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Rl 1 and RI2 token in combination, are spirolactone. the resulting dyes are well retained in cells or 
attach readily to biological molecules. 

Preferred dyes possess a quantum yield in aqueous solution (pH = 6) of greater than 0.50. 
5 Preferably these dyes possess a pKa of less than 5.0. The extinction coefficient of preferred dyes 
measured at a wavelength greater than 490 nm at pH 6.0 is greater lhan 60,000 cm-lwH. Preferably, 
the fluorinated dyes exhibit a fluorescence emission maximum that is shifted less than 1 5 nm relative to 
that of the non-fluorinated analog. Spectral properties of selected dyes are given in Table I 
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reflates nf Reactive Pves 
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atoms that serve as a spacer. The dyes with a 
rganic or inorganic substances that contain or 
with suitable reactivity, resulting in chemical attachment of the 



Table 9) R x is attached to the dye by multiple intervenrng 

^modifiedtoccntainlitnctionatgroups _ 
oonjtigated substance (Sc) t represented by -L-S c . The reacttvegrop 

an electrophile and a nucleophile that can generate a covolciit linkage. Alternatively, ^^^^^ 
l rethe ,^ionofa»elec^ 

TABLE 2; Examples of some routes to useful covalent linkages 



Resulting Covaient Linkage 
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boronates 



carboxyiic acids 



carboxyiic acids 



carboxyiic acids 



glycols 



amines/anilines 



boronate esters 



carboKamides 



alcohols 



hydrazines 



carbodiimides 



carboxyiic acids 



diazoalkanes 



carboxyiic acids 
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epoxides 



haioacetamides 



esters 



hydroxides 



N-acylureas or anhydrides 



esters 



thiols 



thioethers 



thiols 



halotriazines 



amines/anilines 



halotriazines 



alcohols/phenols 
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iraido esters 



isocyanates 



ispcyanates 



amines/anilines 



thioeflters 



ammotriazines 



triazinyl ethers 



amidines 



amines/anilines 



ureas 



alcohols/phenols 



urethanes 



isothiocyanates^ 



amines/anilines 



maleimides 



thiols 



phosphoramidites 



silyl halides 



j sulfonate esters 



alcohols 



thioureas 



thioethers 



phosphite esters 



alcohols 



amines/anilines 



sulfonate esterg 



sulfonate esters 



thiols 



silyl ethers 



alkyl amines 



thioethers 



carboxyiic acids 



sulfonate esters 



sulfonyl halides 



esters 



alcohols 



ethers 



amines/anilines 



sulfonamides 



sulfonate esters 



enlftmvl halides phenols/al cohols ^ u " flt " w " 

jsuimnyinauueb have the formula -COO , where n is a good leaving group 

* Activated esters, as understood in the art, generally nave uic i"» uw - ^ . r or H N V nr an 

r e 7™ccinimidyl f-O^HA) oxysutfosucctnimidyl («,HA«ffl, -l^xybeimm^ 

activated by a CEubodiimide to form an anhydride or mixed ^^£^ c w ^ ' 
which may be the same or Afferent, n C,~C 6 alkyl, C ,-C 6 perfluon,a^U or C r C 6 alkoxy, or cydohevy 1, 
3niimethy laminopropyl, or N-morphoiinoethyl)- 
** Acyl azides can also rearrange to isocyanates 

The covalent linkage L binds the reactive group R x or conjugated substance S c to the 
fluorophore, either directly (L is a single bond) or with a combination of stable chemical bonds, 
optionally including single, double, triple or aromatic carbon^carbon bonds, as well as carbon-ntaogen 
bonds, ni^gen-nitrogen bonds, c*rbon~oxygen bonds and carbon-sulfor bonds. L typically includes 
ether, thioether, caiboxamide, sulfonamide, urea, urethane or hydrazine moieties. Preferred L moieties 
have l~20 nonhydrogen atoms selected from the group consisting of C, N. O and S; and are composed of 
any combination of ether, thioether, amine, ester, carboxamide, sulfonamide, hydrazide bonds and 
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.(CH^CONHCCH^V, .1. any i*. i-Oibl—V — •-«-»•-'■ 

ft 13 R W rIS or is n -l^Sc moiery- Ik mother embodiment, exactly one of R' . R' > R 

., „ F „13 K I4 Rl5 or Rl°fea-^5 c moiery,rypii^ryeitheri»cli 
is oo-I^o moiety. WbereeKJtctlyoreofR'W .R = 

oi me remm & j 5 16 . -L-R x moiety. In 

Rl6i s hydrogen. In one embodiment, exactly one of R",R' ,R * 

u i*rLL*^o»^^« 3 .^^ R7 ' E8 - R9rt ' ob '-^Tr ".n 

lo^*reR"i S .— — 

fluorinated dye, 

selection of an appropriate reactive dye. 

J5 ^ w .-«.p^^"^ ,te,ids ' OTa,!,,0,6 ™" p ' p " R * ,sa 
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carbolic acid, a suoctoidyl ester, an amine, a haloacetamide, an aikyl halide, a sulfonyl halide, an 
isotfaiocyanate, a maleimide group or an aridoperfluorobenzamido group. 

Substitution by a haloalkyl, haloacetamide, halomethylbettzamide allow the retention of 
fluorinated fluorophores in cells or organelles according to methods previously described (US Pate. 
5,362,628 and 5,576,424 (in cells); and US Pat 5,459,26* and UK 9420661 .2 (in mitochondria)). Dyes 
fluorinated on the bottom ring yield adducts of glutathione (e* Compound 25) and protein that are 
retained in cells. 
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Useful dye-conjugates include conjugates of antigens, steroids, vitamins, drugs, haptens, 
metabolites, tenths, environmental pollutants, amino acids, peptides, proteins, nucleic acids, nucleic acid 
polymers, carbohydrates, lipids, ion-complexing moieties, and polymers. Alternatively, these are 
conjugates of cells, cellular systems, cellular fragments, or subcellular particle Examples include virus 
particles, bacterial particles, virus components, biological cells (such as animal cells, plant cells, 
bacteria, or yeast), or cellular components. Fluorinated reactive dyes label reactive sites at the cell 
surface, in cell membranes, organelles, or cytoplasm; or derivative low molecular weight compounds for 
analysis by capillary zone electrophoresis, HPLC or other separation techniques. Preferably the 
conjugated substance is an amino acid, peptide protein, polysaccharide, ion^mplexing moiety, 
nucleotide, oligonucleotide, nucleic acid, hapten, drug, lipid, phospholipid, lipoprotein, 
20 li ^polysaccharide, liposome, lipophilic polymer, polymer, polymeric microparticle, biological cell or 



15 



virus. 



In one embodiment, the conjugated substance (S c > is an amino acid (including those that are 
protected or are substituted by phosphates, carbohydrates, or C\ to C22 caiboxylic acids), or is a 

25 polymerofaminoacidssuchasar^tideo^ 

five amino acids, more preferably 5 to 36 amino acids. Preferred peptides include, but are not limited to, 
neuropeptides, cytokines, toxins, protease substrates, and protein kinase substrates. Preferred protein 
conjugates include enzymes, antibodies, lectins, glycoproteins, histones, albumins, lipoproteins, avidin, 
streptavidin, protein A, protein G, phycobiliproteins and other fluorescent proteins, hormones, toxins and 

30 growth factors. Typically, the conjugated protein is an antibody, an antibody fragment, avidin, 

streptavidin, a toxin, a lectin, or a growth, to- Dye-peptide and protein conjugates include those 
labeled with a dye of the invention in combination with a second fluorescent or non-fluorescent dye to 
form an energy-transfer pair. 
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l„ another embodiment, the conjugated substance (S c ) is a nucleic acid base, nucleoside, 
nuclide oranudeic acid poller, optionally containing an additionallirJcer or spacer for attachment 
of a fluorophore or other ligand, such as an a.kynyl linkage (US Pat. 5,047,519), an aminoallyl linkage 
(US Pat 4,711,955) or other linkage. Preferably, the conjugated nucleotide is a nucleoside triphosphate 
S or a deoxynucleoside triphosphate or a dideoxynucleoside triphosphate. 

Preferred nucleic acid conjugates are labeled, single- or multi-stranded, natural or synthetic DNA 
or RN A oligonucleotides, or DNA/RNA hybrids, or incorporating an unusual linker such as morpholine 
derivatized phosphates (AntiVirals, Inc.. CorvaMs OR), or peptide nucleic acids such as K-{2- 
l0 aminoethyDgtycine units, where the nucleic acid contains fewer than 50 nucleotides, more typically 
fewer than 25 nucleotides. Typically, the dye is attached via one or more purine or pyrimidine bases 
through an amide, ester, ether or thioetfter bond; or is attached to the phosphate or carbohydrate by a 
bond that is an ester, thioester, amide, ether or thioether. Alternatively, at least one dye of the invention 
is conjugated to an oligonucleotide that is simultaneously labeled with at least a second dye to form a 
l5 fluorescence energy-transfer pair, or to a hapten such as biotin or digoxigenin, or to an emyme such as 
alkalinephosphatase, or toaprotein such as an antibody. Nucleotide conjugates of the invention are 
readily incorporated by DNA polymerase and can be used for ir, situ hybridization (see below) and 
nucleic acid sequencing^-. US Pats. 5,332.666; 5.171,534; and 4,997,928; and WO Apol 94/05688). 

20 In another embodiment, the conjugated substance (S c ) is a carbohydrate that is typically a 

polysaccharide, such as detfran, FICOL, heparin, glycogen, amylopectin, mannan, inulin, starch, agarose 
and cellulose. Preferred polysaccharide conjugates arc dextran or FXCOL conjugates, 

I„ another embodiment, the conjugated substance ( Sc ), is a lipid (typically having 6-25 carbons), 
2S inciuding glycolipids.phosphoiipids.andsphingolipids., Alternatively, the conjugated substance ,s a 
lipid vesicle, such as a liposome, or is a lipoprotein (see below). The lipophilic moiety may be used to 
retain the compounds in cells, as described in US Pat 5,208,148. 

Conjugates having an ion-complexing moiety serve as an indicator of calcium, sodium, 
30 mBgBesium.potassi«n,o^^ Preferred ion^mpiexing rnoiet.es are 

c^vvnelher.mW^ 
Pat5,516.91l,endUSPat5,049,^^ 

pyridine- and phenanthrolmeW metal ion chelators; preferably a diary. diaza crown ether or B APIA 
chelator.. The ion indicators are optionally conjugated to plastic or biological powers such as dextraas 

. ^ a u«™riv*4v the dve itself acts as an indicator of H + at pH values 

35 to improve their utility as sensors. Alternatively, me aye nsei* ^ 

14 



PCT/US97/06O90 

WO 97/39*64 

within 1.5 P H units ofthe individual dye's pKa. Those dye embodiments having fluoric at R2 and R5 
are most useful as pH indicators over the range of pH 4-6. 

Finally, the conjugates are optionally dye-conjugates of polymers, polymeric particles, 
polymeric microparticlcs including magnetic and non-magnetic microspheres, polymeric membranes, 
conducting and non-conducting metals and non-metals, and glass and plastic surfaces and particles. 
Conjugates are optionally prepared by copolymerization of a fluorinated dye that contains an appropriate 
functionality while preparing the polymer, orby chemical modification of a polymer that contains 
functional groups with suitable chemical reactivity. Omertyr^sofreacdons that are useful for preparing 
dye-conjugates of polymers include catalyzed polymerizations or copolymerizatiuns of alkenes and 
reactions of dienes with dienophiles, transesterifications or transaminations. In another embodiment, the 
conjugated substance is a glass or silica, which may be formed into an optical fiber or other structure. 



The preparation of dye conjugates using reactive dyes is well documented, e.g. by R. Haugland, 
MOLECULAR. PROBES HANDBOOK OF FLUORESCENT PROBES AND RESEARCH 
CHEMICALS, Sets 1-7 (1992); and Brinkley, BIOCONJUGATE CHEM., 3, 2 (1992). Conjugates 
typically result from mixing appropriate fluorinated reactive dyes and the substance to be conjugated in a 
suitable solvent in which both are soluble. For those reactive dyes that are photoactivated, conjugation 
requires Uluroination ofthe reaction mixture to activate the reactive dye. The dye-biomolecule 
conjugate is used in solution or iyophilized. 

Labeled members of a specific binding pair are used as fluorescent probes for the 
complementary member of that specific binding pair, each specific binding pair member having an area 
on the surface orinacavity which specifically binds to and is complementary with a particular spatial 
andpolBrorganizationoftheother. Representative specific binding pairs are shown in Table 3. Such 
probes optionally contain a BLOCK that is removed by an enzyme or light, or R» is H and the 
compound fluoresces on oxidation. 



Table 3. Representative Specific Binding Pairs 



| antigen 


antibody 


1 bititin 


avid in (or stnsptavidin or and -biotin) 


1 IgG * 


protein A or protein G 


| drug 


drug receptor 
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j" toxin 


toxin receptor j 


| carbohydrate 


lectin or carbohydrate receptor 


1 peptide 


peptide receptor 


protein 


protein receptor 


enzyme substrate 


enzyme 


H DNA(RMA) 


aDNA(aKlNA)t 


J hormone 


hormone receptor 


1 ton 


chelator 



t qDKA and aRN A are the antisense 



(complementary) strand used for hybridization 



y^s and Other Substrates 



„ otoS m*«b» R'. *» or R» b » BWCK m*» W** «- «- -» " **~"> 

ejuunpi r^noaiesofrhodoi dyes that are amino acid or 

25 b,«^xym*yl^(»*«fl«» ta ^ ,,n, *' ss ° f ™ lcc '^ * 



16 



WO 97/39064 FCTmSflWMi 
intact cells and can serve as cell tracers or viability indicators, particularly where R 1 1 is H. 

Any of the substituents described above for retaining the dyes in cells can be used to retain the 
substrates in cells. Preferred enzyme substrates are fiuorinated on the bottom ring,, Particularly 
5 preferred substrates have two identical BLOCK moieties that are acetate or glycoside, such as P-D- 
galactopyranoside, that are at least tetrafluorinated on the bottom ring. 

Dye compounds having a pKa <6 in an aqueous solution, more preferably less than about S t are 
preferred substrates in an acidic environment (e.g. an acidic P-galactosidase such as fM> 
10 galactopyranoside, or in acidic organelles* such as substrates for lysosomal glycosides (see Table 14), 
Substrates where -BLOCK is cleavable by a phosphatase enzyme are useful to detect both acid and 
alkaline phosphatase. Preferred substrates for detection of enzymes with maximal turnover rates below 
pH 7 are fiuorinated at the 2' and T positions, 

15 In another substrate embodiment, dyes where * is H are substrates for oxidative enzymes and 

other oxidizing agents, e.g. peroxidase enzymes. Unlike their non-fluorinated analogs, fiuorinated 
d&ydrofluorescein and dthydrorhodol are stable in aqueous solutions without the use of blocking groups 
that typically reduce solubility. For example, Compound M (4,5 t 6 f 7*teti^uorcH!ihydrofluorescein) is 
soluble in water to at least 2 mM, 
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Methods of Use 



The new dyes are generally utilized to stain a sample to give a detectable optical response under 
desired conditions by combining the sample of interest with a solution of dye (prepared according to 
25 methods generally known in the art) for a period of time sufficient for the dye compound to yield a 

detectable optical response under the desired conditions. The required concentration for the dye solution 
(typically nanomolar to micromolar) is determined by systematic variation in dye or dye-conjugate 
concentration until satisfactory dye staining is accomplished. 



30 The dye compounds are most advantageously used to stain samples with biological components. 

The sample may comprise heterogeneous mixtures of components (including intact cells, cell extracts, 
bacteria, viruses, organelles, and mixtures thereof), or a single component or homogeneous group of 
components (e.&, natural or synthetic amino acid, nucleic acid or carbohydrate polymers, or lipid 
membrane complexes). These dyes are generally non-toxic to living cells and other biological 

35 components, within the concentrations of use, although those fiuorinated dyes that are additionally 
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substituted one or more times by Br or I are efficient photosensitize*. 

The sample is optionally combined with other solutions in the course of staining, including 
wa sh solutions, permeabi.teation and/or fixation solutions, and other solutions staining additional 
detection^acconiing^Unownmethod, With selected embodiments that are well retained « 
crib tocdn-H^oo-rid^floa^^^^ Wheretheadditionaldetecuon 
reagent has spectral properties that differ fro* those of the subject dye compounds, multi-color 
applications are possible. 

Ate or drcfag «*tat fc »™P" - ' B ^ ' * !W!tthfc ^ "V™* ^ 

^b^fluor^do^i.^^ 
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H ye Synthesis 



30 



35 



Tb.fW^hp^.fl^flu^"^^' 5 *'^ 0 " 0 ''" 

Il - -^-.^<^-*^-«* M0,, * , - ,, -"* ,; . C f 

CHE M.«.«*<H> 8 4», ftK^acd,**^ 

^^^^^^^^^^^^ 
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borohydride. Dealkylation with BBr 3 or another ether-cleaving reagent, or in the case of benzyl ethers 
catalytic hydrogenolysis, affords pure fiuorinated resorchiols. Other substituents are optionally present 
during the synthesis provided they survive the synthetic method.. For example, alkyL carboxyalkyl, 
chloro, bromo, iodo, alkoxy and hydroxy moieties. 

Fiuorinated aminophenols are prepared similarly: Alkyl-substtated amine nucleophiles are first 
substituted onto a polyfluoronitrobenzene, in sequence with alkoxide or benzyloxide. Reduction 
followed by diazotizalion and hydrodediazoniation results in a fiuorinated aminophenol, which is then 
used to prepare a fiuorinated rhodol Alternatively, commercially available fiuorinated nitrophenyl 
ketones and aldehydes are converted to the corresponding phenolic esters using Baeyer-Villiger 
oKidation chemistry. Reductive amination or direct alkylation yields the desired N-substituted 
aminophenol. Deacylation of the phenolic hydroxyl gives the desired fiuorinated aminophenol (see 
Table 5) 

Xanthylium dyes having fluorine substituents ou the Kanthene portion of the dye are typically 
prepared by condensation of a fiuorinated rcsorcmol with a phlhalic acid, phthaiic anhydride, 
sulfobenzoic acid or sulfobenzoic anhydride (such as phthaiic anhydride, trimellitic anhydride, 
nhrophthalic anhydride, sulfobenzoic anhydride, sulfoterephthaiic acid), or with benzaldehydes (when 
followed by oxidation) or with aliphatic dicarboxyiic acids or anhydrides such as a succinic or gtutaric 
anhydride. The condensation is optionally catalyzed (such as by ZnCl 2 or methanesulfonic acid), and 
yields the desired fiuorinated xanthylhim dye after aqueous workup. 

Fiuorinated Kanthylium dyes are also prepared by condensing two equivalents of a resorcinol 
with a fiuorinated benzenecarbonyl compound, such as teliBfluorophthalic anhydride, tetiafluorophthalic 
acid or fluorophthalic acid derivatives, pentafluorobenzoic acid, and fluormated benzaldehydes such as 
pentefluorobenzaldehyde, although an oxidation step is required after using fiuorinated benzaldehydes to 
give the fluorescent Kanthylium dye. The resulting dyes are fiuorinated on the aryl ring bound to the 
Kanthene ring system. Where the aryl ring is fluorinated at the 4- and ^positions, nucleophiles such as 
reduced glutethione, ntercaptoacetic acid, mercarrtosthyiamine and aside can displace fluoride ion at the 
) 4- or 6-positions, providing a synthetic route for subsequent conjugation chemistry (see Table 8). For 
example, a mercaptoacetic acid adduct is converted into a succinimidyl ester, or a mexcaptoethyl amino 
( converted into isothiocyanate, maieimide or haloacetamide. Alternatively the azide group is reduced 
e, which is then ecylated with iodoacetic anhydride to provide an iodoacetamide. 



is I 

to an amine, 
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with carbohydrates to yield glycoside substrates. In addition, rhodols having at least one hydrogen 
atom at the rhodol nitrogen are optionally abated by methods well known in the art to yield amido 
derivatives or treated with sulfonyl halides to yield sulfonamides 

The dihydroxanthene and xanthyliuni versions of the dyes of the invention are freely 
interconvertible by well-known oxidation or reduction reagents, including borohydrides, aluminum 
hydrides, hydrogen/catalyst, and dithionites. A variety of oxidizing agente mediate the oxidation of 
dihydroxanthenes, including molecular oxygen in the presence or absence of a catalyst, nitric oxide, 
peroxynitrite. dichromate, triphenylcartenium and chlomnil. The xanthines are also oxidized by enzyme 
action, including horseradish peroxidase in combination with peroxides or by nitric oxide. 

The examples below are given so as to illustrate the practice of this invention. They arc not 
intended to limit or define the entire scope of this invention. 
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Examples 

Preparation of Fhtoriinateil Resordtoofe: 

5 General Method A 

Sodium medioxHfe (1 .0 M) is prepared by adding sodium metal portionwise to anhydrous 
methanol (Aldrich) under nitrogen at 0 t To a neat fluorinated nitrobei^ne { 1 .0 equrv.) under 

action mto is stirred at room temped OnceTLC anarysis shows thereaction is complete (1-24 
hours) several drops of I M citric acid are added. Water is added, followed by extraction with ether. 
The organic layer is washed with brine, dried over Na 2 S0 4 . evaporated and recrystallizcd from 
hesanes/CH 2 Cl2 to give the desired dtmethoxyfluoroaitrobenzene. 

15 General Method B 

The nitro group of the fiuorontobensene is reduced by eataiytic hydrogenation at 40 psi in 
ethaaol/ethyl acetate over 10% PdVC When TLC analysis shows the reaction is complete, the catalyst » 
removed by filtration and the filtrate is evaporated to give the pure amine-substhuted fluorinated 
20 benzene. 

General Method C 

The nitro group of the fluoronitrobenzene is reduced by homogeneous reduction in refluxing 
ethy! aceUOe/eihanol (2: 1. 0.1© M) using stannous chloride dihydrate (5 equiv.). Reaction progress * 
m oni«DredbyTLC. The reaction is cooled, poured into water, and neutralized to P H 7 with 1 MNaOH- 
T^emiKtureise^edwithethyl acetate, washed wim brine, dried over^SO^ and evaporated. The 

residue is purified by flash chromatography. 



30 General Method D 

^ „Mo. of H^02 (1.05 equiv.) i.™*. Tk «* Ml5 °"" UBS ' 

lp ^ -le K*---»»^li*^■-s• l - ,, ■» l, "■' ,,,, 
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Ma2C03 or NaOH, and extracted twice with ether. The organic eictract is washed with water, then brine, 
and dried over Na2S0 4 . The solution is evaporated and the residue is purified by flash chromatography. 

General Method £ 

A. solution of the tluorinated dimethoKybenzene in anhydrous CH2CI2 (0.3 M) at room 
temperature under nitrogen is treated with BBrj (3.0 equiv., 1 .0 M in CH 2 CI 2 ) via syringe over five 
minutes. TLC shows that the reaction takes 24-48 hours to reach completion; an additional 0.5 equiv. of 
BB13 solution is sometimes necessary to reach completion. The solution is carefully quenched with 
water, and stirred to dissolve any precipitate. The solution is extracted with ether, the extracts are 
washed with brine, dried over Na 2 S0 4 and evaporated and purified by sublimation to yield the desired 
fiuorinated resorcinol. 



Table 4 



Starting Material 


Method 


Product 
(CpdNo.) 


Yield 


m.p 
(°C) 


Analysis 


fz 

F 




f 2 

.ftr 

0CH3 
(i) 


99% 


32-32.5 


%C: 43.84 
%H: 3.15 
%N: 6.15 


ft 

F 


A 


N0 2 

OCHg 
(2) 


99% 


59-61 


%C: 47.64 
%H: 4.05 
%N:6.08 


.jft 

F 


A 


fa 
(3) 


BB% 


146-149 


%C: 47,81 
%H: 3.96 
%N: 6.B4 
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7 


D 


ch 3 o^^och 3 
(H) 


81% 


oil 


%C: 6l.fi2 
%H: S.94 


8 


D 


F 

F 
(12) 


B0% 


oil 


%C: 49.63 


9 


E 


F 

XX, 

(13) 


90% 


100-101 


%R:32\ 


10 


E 


XT 

(14) 


95% 


114-116 


%€: 55,05 
%H:3,96 


11 


E 


XX 

(IS) 


100% 


94-96 


%C: 56:23 
%H: 3.93 


F 


E 


F 
(J6) 






%H: 3.98 


12 


E 


F 

sx 

F 
(17) 


100% 


69-71 


%C: 39.58 
%H:2_65 



Preparation ofFBnorsaated Aaninophenote 



General Method F 

5 

An ethaooi solution of b secondary amine (3 equiv) and a fluorinated nitrobenzene is either 
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heated in a sealed tube or heated at refta ( 124 hrs)„ The solution is evaporated and the resulting sol! 
recrystatlized or chromatographed to give the puns fluoronitroaniline. The fiuorinated aminophenot i 
then prepared as in General Method A for fiuorinated resorcinols- 



5 Table 5 



Starting Material 


Method 


Product (Cpd. No.) 




f 2 

p. 


F 


(18) 


IB 


F 


fz 

(l») 


19 


C 


(20) 


20 


D 


XT 

(21) 




21 


E 


1 (22) 





General Method G 

10 FlHorioated aminophenols are generated from commercially available fiuorinated phenyl ketones 

and aldehydes by nitrating the phenyl ketone or aldehyde and converting it into «he correspond^ 
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nitrophenol using Baeyer-Viiliger oxidation chemistry* Reduction followed by reductive animation 
yields the N-substituted aminophenol . Amines may also be treated with other alkylating agents known in 
the art, such as alkyl ha! ides. 



5 Preparation of 4~fluoro-3-nitrophenol (23): 



To 15 mL of cone H2SO4 at 0 °C is added 6,9 g (0,05 mmol) of 4-fluoroacetophenone. To the 
solution is added a mixture of 4 mL HNO3 and 6 mL cone, H2SO4. The reaction is stirred at 0-5 °C for 
3 hrs„ The reaction is poured into ice water, and extracted with CHCI3. The organic layer is washed 
10 with water, dried over Na2S04, filtered and evaporated. The residue is purified by column 
chromatography, yielding 6,0 g of 4-fluoro-3-nitroacetophenone (60% yield). 

Cone, H2SO4 (200 mL) aud acetic acid (120 mL) are mixed at 0 °CL To the solution is added 15 
g (0.082 mol) of 4«fluoro-3~nitroacetDphenone followed by 36 mL of 36% peracetic acid. The reaction is 
15 stirred at room temperature for 4 hours- Water (500 mL) is added, and the product is extracted into 

diethyl ether. The ether fraction is washed with water, dried over Na2S(>4, filtered and evaporated. The 
residue is purified by column chromatography, giving 3.2 g of Compound 23 (20% yield), mp; B6-B7 
°C Anal Found: C, 45.80; 2,51; N;8J9. 



20 Preparation of 3-amino-4-f1uorophenol (24): 



A mixture of 4-ftuoro-3-nitrophenol (2,70 & 172 mmol) and Pd/C (10 %, 031 g) in 60 mL ethyl 
acetate is hydrogenated under 50 psi of H2* After 1 hour, the catalyst is removed by filtration. The 
filtrate is evaporated and the residue sublimed to yield 2AZ g (100 %) of Compound 24 as a white solid.. 
25 mp; 142-144 °C Ana!. Found: C, 5728; H, 4.B6; R 10.65. 



Preparation of Haorksletl Fluoresceins 



General Method H 

A fluoridated resorcinol (2 equiv.), a phthalic acid or anhydride (1 equiv,) and anhydrous ZnCl2 
(2.5 equiv.) are fused at co. 170480 °C for 30 minutes with stirring. The cooled mixture is suspended in 
water and suction filtered The solid; containing the fluorinated fluorescein, is further purified by 
dissolving it in methanoi/wntcr, followed by filtration through diatomaceous earth and evaporation . 
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General Method H' 



5 



Alternatively, the crude fluorinated fluorescein of Method H is converted to a diacetate in acetic 
chromatographic purification or crystallization of Aeorganicoiuble product- 



General Method 1 



dried in vacuo at 60 °C. and purified as described in Method R 
15 General Method I' 

General Method J 

cH 2 a2<oyi=w»^^ rfte ^ i " B " diac,!0,le " s,1 '' ! * ec " C '' 1 



)0 
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General Method K 

Hydrolysis of a fluorinated fluorescein diacetate: A 0„1 M solution of the dictate in 
THF/MeOH/water (4:4:2) is tinted with NH4OH (10 equiv.) at 20 «C After 2 hours the react* 
poured into 7 volume of ice water and acidified with HCl to pH 2. The precipitate is collected, 
with cold water, and dried at 60 °C to yield the product 



Table6 



Reactants 


Method 


Product 
{Cud. No.) 


Yield, 
Characterization 


XX + 

F 


H 


F F 
(25) 


81% 

%C: 59.00 
%H: 2.69 


yo 

F 


I 


F 

(26) 


83% 


16 + AC2O 


H' 


F F 
(27) 


90% I 
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Nb — 0 
p 


H + H' 


a ^ yz~o « 

F F 
(28) 


85% 


o. 

J Wo 


H 


(29) 


85% 


CT 

15+ J 


H + H' 


(30) 


75% 
(mixed | 
isomers^ i 


34 + Br2 


r 


Br Br 

M °Ti °Ti * 

Br'^^^^O^^^ 
F 


85% 

j 


1 15+ 

COOH 


H+J 


(32) 


44% J 

%C 62.01 
%H3.25 
%N2.37 
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1 °v 

Ss — o 

15+ 

COOH 


H + J 


HOOC 

(33) 


48% 

%C: 59.57 
%H: 2,53 


25 + NH40H 

i 


K 


F.^J 
F 

(34) 


90% 

%C: 5939 
%H: 1.99 


32+NH4OH 


EC 


Jv^^COOH 
(35) 


92% 


33 + NH4OH 


K 


F f 

OOOH 


83% 


2B+NH4OH 


K 


CT \^ ^ ct 
F^J^^COOH 

F 

(37) 


85% 
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Preparation of TjMrt-W* Fh.orii.a4ed Fluorescein,: 



1\B'-Substttuted fluorinated fluoresceins are 



prepared from poiyfluorinated benzonitriles as 



|-j,-«m— — ----- . .^^pHfiesth.prcpaiationof I,2AS,7,B- 

5 described inthespecifi^ . . 

5 aescriocuuiu r o-wtion of appropriately substituted 

W5}m " ? ... „ mU in ^ desired fluorinated dye. 

benzonitrile ond aryforganometallic groups W »ll result m the des.re 




NaOCM. 




.OCH„ 



OCH 3 
(43) 



10 



MgCt 





(«) 



(44) 



HCI 
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15 



Preparatioa ofFlnoiriiiated Rhodals: 
General Method L 

Equimofcr mixtures of the two appropriate electron rich aromatic component (i.e. a «oI, 
^aS-an^pheno,)^ 

sulfoterephthalic acid, either as a melt at 150-200 °C in the presence of one equivalent of anhydrous zmc 
chloride, v*hsu^ 

solution in warm (80 >C) methunesulfonic acid, with subsequent work-up consisting of pounng the 
action solution into an excess of water, followed by filtration, in both methods the desired 
metrical fluorescein and rhodol dye products are separated from the undeshed synuueU-ical dye 
products by either flash chromatography or preparative thin-layer chromatography. 
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pKa3,8 
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XT 
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^COOH 




°<v n 




HOOC 

(55) 
















OOOH 











Preparation of Ftnorinated Xanthenes 
5 preparation of 27-dLfhio ro^-hvdroxv-9-tri fl«nromelhvlxflntfaene-3-one (56): 

4-Fluororesorcinol (Compound 15, 0.10 g, 0.78 irnnol) is condensed with trifiuoroacetic acid (45 
rag, 039 mmol) at 80 °C in methanesulfonic acid. The desired product is precipitated from the reaction 
solution by the addition of an access of water. The product is filtered and dried to give Compound 56 as 
10 a reddish powder. 



Preparation of 2.7-dh%mm-6-hvdroxv-t-f t-nHohthvn«andiene-3-one (57) : 

Two equivalents of 4-fluororesorciaot (Compound 15) are condensed with one equivalent of 
15 naphthalene- L-carbosaldehyde in warm methanesulfonic acid. When the reaction is judged complete by 
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TLC analysis the intermediate product is precipitated from the reaction solution with water. The etude 
solid is filtered and dried. The intermediate is dissolved in chloroform and treated with excess 
chloramine~T When oxidation is complete, as judged by TLC, the volatiies are removed and the crude 
product is purified by chromatography to give Compound 57, 

5 

Preparation of DerivBfeed Fluorimitel BuorapSiores: 
General method M for the preparation of thioether derivatives; 

10 A solution of the desired "bottom -ring" fluorinated fluorescein (i equiv.) and mercaptoacetic 

acid (1 .2 equiv.) in DMF, as 5% w/v solution, is heated at BO °C for 40 minutes. The reaction is poured 
into ice water* extracted with ethyl acetate, washed with brine, dried, evaporated and purified using silica 
gel column chromatography eluting with CHClj:melhanol:acetic acid (85:15:03) then 
THF:trifluoroacetic acid (1 00:0.5).. Fractions containing pure product are combined and evaporated 

15 The residue is dissolved in a minimum of THF T and filtered into petroleum ether (bp. 30-60 °C). The 
precipitate is collected, washed with petroleum ether, and dried. 

General method N for the preparation of succinimidyl ester derivatives: 

20 To a pyridine solution of the appropriate fluorinated fluorescein is added 1 3 equiv, of 

succimmidy! trifluoroacetate (STFA, prepared from ^hydroxysurcinimide and trifluoroacetic 
anhydride). Additional STFA (2 x I equiv.) is added to force the reaction to completion. After 16 hours 
at 20 °C, the reaction mixture is diluted with ether, washed with 1 M citric acid, with brine, dried and 
evaporated The residue is purified using column chromatography eluting with CHCl3:methanol:acetic 

25 acid (95:5:0. 1 to 80:20:0, 1 stepping gradient) to yield the desired product 

Alternatively, a carboxylic acid-substituted fluorinated fluorescein is coupled to 
N-hydroxysuccimmide using a carbodiiraide coupling agent, such as l-ethyWK3-dimethyIaminopropyl}~ 
carimdiimide hydrochloride (EDAC) or^Micyclohexylcarboditmide (DCC), by methods well-known 
30 in the art 
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Reactants 


Method 


product 
{Cpd.No.) 


Yield 
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1 M~CM>CH 2 -S y F 
0 

(63) 


65% 


S9 


N 


A » XX 
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EDAC coupling 
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in Table 9 
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2) chloiainine~T 
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hLWW — C — HN 




llT^dotylmaleimide: 2-(I-(3-aminopropy!>-intlo1.3-yl)-3-(l-m e thyHndol-3-yl)mal e imide 



Preparation of FlnDtrinEJed Salfaneflaoraceins and Their Analogs: 

5 In a modification of General Method H, the condensation of an appropriately fluorinated 

resorcinol with sulibterephthalic acid gives the desired fluorinated sulfoneflnorescein 



Table 10 



Starting Material 


Reaotant 


Product 
(Cpd.No.) 
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OOOH 
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Preparation off fflnorinalted Ditoydrofluorescete: 
Ffcorina^fluo^ 

■ ■ a' i„ aw-tic acid or acetic acid/methanol and treated with 
appropriate fluorinated fluoresceins dissolved maceuoacrt or a 

m h,^ After stirrinE 1-3 days, the mixture is filtered and the crude 
zinc dust under air at room temperature. After stirring 3 any 

product is purified via chromatography on SEPHADEX LH-20- 
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Preparation of Fluorinated p-Galactosidase Substrates: 
General Method 0 

A mixture ofthe desired fluorinated fluorescein (1 equivalent), tetra-O-ace^lbmmogalHCtose 
( 1 5 equivalents), and silver 0) oxide (1.5 equivalents) in anhydrous THF (0.02 M in dye) is stirred at 
room temperature under nitrogen. The reaction takes 72-96 hours to complete; more silver ox,de ,s 
addedasnecessary. The mixture is filtered, and evaporated concentrated The residue is punfied v,a 
flash chromatography to give pure mono-abated product. Using this method, ^difluorofluoresce., 
tetm^acetylplactoside (90) is prepared from Compound 29 in 92% yield, and 4,5,6,7- 
^uorofluorescein.te*^^ 



15 General Method P 

A mixture of the desired fluorinated fluorescein monottetra-O-acetyDplactoside (I equivalent), 
teUaacetobromoEatactose (1.5 equivalents) and cadmium carbonate (L5 equivalents) in dry toluene is 
heated at reflux forfbur days. The cooled reaction mixture is filtered and the filtrate concentrated. The 
20 residue is chromatographically purified to give the nonfluorescent protected galactose substrates. 
Using this method, 2'^ifl«orofI«orescein, bis-tetra-O-acetylgalactoside (92) is prepared from 
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Compound 90 in 62% yield, and 4,5,6,7-tetrafluorofluorescem, bis4e&a-0-acerylgalactaside (93) is 
prepared finom Compound 91 in 16% yield. 

The acetyl protecting groups are removed by reaction of the protected gatactasidase with less 
5 than one equiv. of sodium methoxide or lithium hydroxide. The reaction is quenched with aqueous citric 
acid, and the product is purified by preparative TLC or chromatDgraphy on SEPHADEX LH-20. In this 
manner 2',7 r -difluorofluorcscein t bis-O-galactoside (94) is prepared from Compound 92, and 4,5,6,7- 
tetrafluorofluorescein, bis-O-galactoside t 95 ) is P^P*™* &° m Compound 93 in 25% yield. 

10 Preparation of Alicoline Phosphatase Substrates: 
General Method Q 

The general scheme for preparation of fluorinaied fluorescein or rhodol phosphatase substrates 
15 typically requires initial phosphorylation of the fluorophore with phosphorus oxychloride. Typically, the 
fluorescein dye is dissolved in pyridine under nitrogen at 0 °C. To the fluorescein solution is added a 
pyridine solution of POCI> After the reaction is judged complete by TLC, the reaction is quenched with 
crushed ice and neutralized to pH 7.0 with NH4OH. The pyridine is extracted with chloroform, and the 
aqueous phase is lyophilfcxd. The crude material is purified on SEPHADEX LH2B, eluting with water. 
20 Pure product fractions are pooled, frozen and lyophilized to give pure fluorinaied fluorescein 
diphosphates as their tEtraarnmonium salts, as pale yellow solids. 

Using Method Q, 2',7'-difluorofluorescein (29) is converted into 2\7'-difluorofluorescein 
diphosphate, tetniammonium salt (96), and ^W^exafluorofluorescein (26) is converted into 
25 2',4,5 t 6,7,7'-heKafluorofluorescein diphosphate, tetraammonium salt (97). 

Preparation off Fiuorinated Analogs oi"CBkein-AM: 
General Method R 

30 

The fiuorinated dye is dissolved in ethanol and 6 M KOHis added to make a 0,2 M solution. 
The resulting solution is treated with 3 equiv. of iminodiacetic acid, followed by aqueous formaldehyde 
(4 equtv.)„ The solution is heated at 65 °C overnight, then doubled in volume with water/ethanol The 
pH is lowered to 2.0 using aqueous HC1, and the precipitate collected by filtration. The intermediate is 
35 partially purified by trituration with acetone, followed by filtration, suspension in DMF and treatment 
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withlOequiv.diisop^^^ 

DIEA (7 equiv.) is added, followed by water dropwise until homogeneity is achieved. Bromomethyl 
acetate (15 equtv.) is added, and the solution is stirred overnight The mixture in partitioned between 
ethyl acetate and water. The organic layer is washed with brine, concentrated and then purified by 
preparative TLC, using h e »ethvl acetate as eluant, giving the pure product as a colorless oil 



Table 12 
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Preparation of caged tfluorhiated filuorophorcs 

Fluorinatcd fluorophores am caged using methods well-known in the art for caging fluoresceins. 
5 For example, treatment of 2\4,5,6 t 7,7' -hexafluorofluorescein (26) with 5~(t~butoxycarfeonylraethaKy)-2" 
tinxobenzyl iodide and Ag20, followed by purification using chromatography yields non-fluorescent 
bis^S^butoxycaibonyta 2' A£fi J/Thexafluorofluorescein (SOI) in 46% 

yield. The product is initially quenching, but becomes fluorescent upon irradiation. 

10 Preparation of ion Indicators incorporating flnorinntefS Otiorophores 

Ion indicators incorporating fluorinated fluorophores are readily prepared utilizing published 
methods. 

15 Table 15 



Starting 
Material 


Reagent 


Product 
(Cpd.No.) 


33 


tsobutyl chioroformate 
(91% Yield) 


F F 

(1«Z) 



49 
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b) NH4OH 


NH 
(106) 
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Pmnaration of a nucleotide conjure »f 2'.r.difluo mfl»o re S c e in-5- <Bnd-6Vc a ri)oxYlic acid: 

To2 ragof 5-(3-aminoaUyl) Z'-deoxyuridine-S'-triphosphate, ammonium salt in 100 pt water is 
added 3 mg of Compound 72 in 100 oFDMF, followed by 5 uLtriemylamine. After 3 hours at room 
temperature, the solution is evaporated and the residue is purified on lipophilic SEPHADEX using water 
for elutioti. The first green fluorescent fractions are combined and lyophilized to B ive the fluorescent 
nucleotide conjugate as an orange solid (Compound 107). 

Alternatively a fluorescent conjugate (Compound 108) of deoxyuridme-S'-triphosphate is 
prepared using S^ammo-l-propynylKMeoxyiuidme-S'-triphosphate in place of 5-(3-aminoaUyl)-2"- 
deoxyuridine-S'-triphosphate (as described in Hobbs, Jr. et el, supra). 



l5 Pmnaratton of an nligonucleotkle conjugate of 2^4^5 ^y-t^f1»»^mfluorescein^f a nd-6>ca^bpxy!ic 
acid: 



ZO 



A sample of 500 fig of a S'-amine modified, 24-base M13 primer sequence is dissolved in 220 
uL 0.1 M NaHC0 3r pH 85. To this is added I mg of Compound 65 in 35 pL DMF . After 16 hours at 
room temperature, 15 uL of 5 M NaCl and 3 volumes of cold 100% ethanol are added. The mixture is 
cooled to -20°C, centrifuged, the ethanol superaate is decanted, and the pellet is rinsed and dissolved in 
100 pL H2O. The labeled oligonucleotide is purified by HPLC on a 300A C8 reverse phase column 
using a ramp gradient of 0„1 M triethylammomum acetate (pH -7) and acetonitrib (15-+60% over 30 
1). The desired peak is collected and evaporated to give the fluorescent oligonucleotide. 



mm 
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nry-*** Hn y Parnate of ^ ^rf i fl.mr ofluorcscein.S-fn nd-fi HsothiocyBnate: 
A fluorescent dopamine D2 antagonist is prepared as follows: 

To 10 mg of Ar-tp-aminophenethyDspiperone (Amlaiky et at., FEES LETT, 176, 436 (1984)), 
and 10 pLJVJV.dii^ropylethylamine in 1 mL of DMF is added 15 mgof ^^fmorofmoreseeii.-S- 
(a„d-6)-isothiocvanate (Compound 76, Example 77). After 3 hours, the reaction mixture is poured mto 5 
mL diethyl The precipitate is collected by centrifiigation and purified fay chromatography on sihca 
gel using 10% methanol in chloroform to give the pure product as an orange solid. 

Protein conjugates of flnnrinated dyesi 

A series of dye conjugates of goat anti-mouse IgG or streptavidin are prepared separately using 
Compound 64, Compound 61, 9 ^carboxy-2- S u^^^^ 
succinimidyl ester (Compound 109); and fluorescein isothiocyanate as follows: 



AsolBtionofthed K u^proteinisprepar«latl0mB/mLin0.1 M sodium bicarbonate. The 
labeling reagents are dissolved in DMF at 10 mg/mL. Predetermined amounts of the iabeling reagents 
20 areslowlyaddedtotheproteinsolutionswimstirring. A molar ratio of lOequiv. of dye to 1 equrv.of 
protein is typical, though the optimal amount varies with the particular labelbg reagent and the protem 
being labeled. The reaction mixture is incubated at room temperature for one hour, or on ice for several 
hours. The dye-protein conjugate is separated from other reagents on CELLUF1NE GH-25 equilibrated 
withPBS. The initial protcin-containing colored band is collected and the degree of labelmg «s 
25 determined by the absorbance atthe absorbance maximum of each fmorophore, using the extanctoon 
coefficient of 68,000 cm-lfcH for fluorescein at P H 8, and of 70.000 cm^M-l for the other three 
fluorinated Buorophoresat their absorption maxhna. The 
optical density at 280 nm corrected for the dye absorption at the same wavelenglh. 

30 Jotaljhi^^ 

A series of goat anti-mouse IgG conjugates is prepared as described above using Compound 64, 
Cornet, Compound 109; and fluorescein isothiocyanate so as to yield derivatives with sim.lar 
degreesof substitution. Fluoresces offce conjugates of the fluorinatedto^ 

35 ofFrrc. w^ii^rf*^^ B-QB ^ ,,, * ,,rt 
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quench appreciably, even at high degrees of substitution, as shown in Figure 1 

jf-ahelin ^ B-ealactosidase with a fluorinated fluo rescein diacetflts: 

Escherichia coli {3-gaIaetasidase (3 mg) in 150 uL phosphate-buffered saline pH 7.5 is treated 
5 with 13,6 mL of 1 mg/mL stock solution of Compound 25 in DMSO. After 1 hour the pH is raised to 10 
with lto^COj for 2 hours to remove the acetates. Unreacted dye is removed on a spin column. The 
degree of substitution is estimated at 8.6 using e = 85,600 cnr l]vH at 515 urn. Direct labeling of p- 
galactosidase with Compound 34 at the same dye:protein ratio results in minimal protein labeling. 

10 Labeling and use of wheat germ agglutinin with 2'.7'-difliioroflnoresceinL 

Wheat germ agglutinin (25 mg, EY Laboratories) is dissolved in 5 mL sodium carbonate buffer 
P H 9 JS containing 5 mM N-acetylgiucosamine to protect the active site. To this is added 3.5 mg of 
Compound 76. After 1 hr at room temperature the solution is purified as described above for protein 
15 conjugates. Followed by lyophilization, a degree of substitution of 2-3 dyes per molecule is determined 
from the absorption at 490 nm. When used according to Sizemore et al. (U.S. Patent No. 5,137,810) the 
conjugate can distinguish between Gram- positive and Gram-negative bacteria. 



20 



Labeling of actin filaments with Compou nd 73 and photobleachine 



CRE BAG 2 fibroblasts are fixed with formaldehyde, permeabilized with acetone and then 
stained with the fluorescent phalbtoxms fluorescein phalloidin and Compound 73. The stained cells 
exhibit green fluorescent F-actin filaments. Each sample is continuously illuminated and viewed on a 
fluorescence microscope. Relative photobleaching, as shown in Figure 4, clearly demonstrates the 
25 superior photostebility of the fluorinated dye-conjugate 

Once the F-actht filaments are stained, additional cellular components are optionally stained 
using other dye-conjugates having spectral properties that are readily distinguishable from those of the 
fluorinated dye-conjugate. For example, cell nuclei are stained fluorescent blue using DAP1, while cell 
30 antigens are stained red using a fluorescent antibody conjugates of a rhodamine or carbocyanine dye, 
such as TEXAS RED dye or CY-5 dye, respectively. Bom the staining and subsequent visualization of 
me discrete cell components may be performed simultaneously or sequentially. 

Preparation and use of a fluorescent q-bunearotoxin: 
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a -BiMgarotoxm(l mg) in 25 uL 0 .1 M NaHC0 3 is treated with 1.5 equivalents of Compound GS 
at room temperature for 2 hours. The product is purified on CM-SEPHADEJC Staining of acetylcholine 
receptors and detection of their resulting fluorescence is comparable to that of fluorescein-conjugated u, 
bungarotoxin, except that the fluorescence of the ftuorinated dye-conjugate is more resistant to 
photobleaching. 



Pre paration of a deatran coniu Rate pf Compound 76: 

10 Compound 76 is treated with cyanuric chloride to yield the dichlorotriuzine adduct (Compound 

110), which is used to label the free hydroxyl groups of a polysaccharide. 

A 70,000 MW dextran (50 mg) is dissolved in 2,5 mL of 0.2 M Na 2 C0 3 (pH 9,5) Compound 
110 (20 mg in 1 mL DMSO) is added. The solution is heated to 50 °C for 6 hours while maintaining th 
IS P H at 9.5-10.0 with IMNaOH. The dye-dextran conjugate is purified on SEPHADEX G-15 using 30 
mU ammonium acetate. The first colored bond is collected and lyophilized. 
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Pre paration of Hminodexhan rm^r"'"" nf flnnrinated fluoresceins: 

70,000 MW aminodextran (50 mg) is dissolved at 10 mg/mL in 0.1 M NaHC0 3 . Compound 61 
is added to a give dye/dextan ratio of 12. After 6 hours, the conjugate is purified on SEPHADEX G-50 
elating with water and the product is lyophilized. Typically ~6 moles of dye are conjugated to 70,000 g 
dextran. 



25 Preparation of fluorescent liposomes: 

Fluorescent liposomes containing polar derivatives, such as Compound 36 or 2',7'- 
difluorocalcein (prepared by hydrolysis of Compound 99) on their interior are prepared and used 
essentially as described in J. BIOL. CHEM. 257, 13892 (1982) and PROC NATL. ACAD. SCI. USA 75, 
30 4194 (1978). Alternatively, liposomes containing lipophilic fluorinated fluoresceins within their 

membranes such as CosnjW 7*are prepared by codissotving the fluorescent lipid and the unlabeled 
phospholipid^) thatmate up the liposome before formingthe liposome dispersion essentially as 
described by Szoka, Jr. et at.. (ANN. REV, BIOPHYS. BIOENG. 9, 467 (1980)). 
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VCtmSVHOem 



Covalent conjugates of human low density lipoproteins (LDL), which are known to be taken up 
by macrophage, endothelial mid other cells that possess "scavenger" receptors specific for the modified 
5 LDL, are prepared using the methods described for preparing protein conjugates, with purification by gel 
filtration. Binding of the fluorescent conjugates can be detected by either fluorescence microscopy or 
flow cytometry. Alternatively, LDL labeled in its lipid domain can be prepared by incubation of the 
LDL with the lipophilic fluorescent dye dispersed in buffer, followed by gel filtration. 

ID Preparation of fluorescent conjugates of bacteria: 

Heat-killed Escherichia cotiaxs suspended at 10 mg/mL in pH 8-9 buffer then incubated with 
0-54.0 mg/mL of an amine-reactive fluorinated dye. After 3CH50 minutes the labeled bacteria are 
centrifiiged and washed with buffer to remove any unconjugated dye. Labeled bacteria that ore 
IS opsonized are taken up by macrophage, as determined by flow cytometry. 

Utility of nrotein conjugates as j mmnnniwipBnte mid resistance to photobleaching: 

Antibody conjugates of Compound 59; Compound 61; Compound 109; and fluorescein, 
20 succinimidyl ester are prepared with degrees of substitution of approximately 4-6. INOV A slides are 
rehydrated in 1% bovine serum albumin (BSA) in phosphate buffered saline (PBS) for 30 minutes. The 
slide is drained thoroughly. Human autoantibody is applied, the slide is incubated 30 minutes end rinsed 
with PBS, Mouse anti-human antibody is applied and the slide is incubated 30 minutes and rinsed with 
PBS, Each green fluorescent goat anti-mouse antibody conjugate is applied as a 10 ^g/mL solution, 
25 diluted in 1% BSA/PBS. After 30 minules, (he labeled slides are rinsed in PBS, then in 50 mM Tris pH 
8,0, mounted in 50 mM Tris pH B.0, and viewed through a longpass fluorescein filter, AH samples give 
predominantly nuclear staining. One image of the slide is acquired every 5 seconds for 100 seconds with 
coninuous illumination of the specimen, using a fluorescein long-pass filter. Three fields of cells are 
bleached using this method, and the photobleaching values are normalized and averaged, Hie average of 
30 three runs for each conjugate is then normalized and plotted. The results are shown in Figure 2. It is 
observed that antibody conjugates of the fluorinated dyes are significantly more photostable than the 
fluorescein conjugate. 

In situ hybridization of an RNA probe prepared using fluor escent nucleotide conjugates: 
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A U1P conjugate of Compound 72 is prepared using HJ-aminoaHy^uridine-S'-triphosphate, 
ammonium salt (Sigma Chemical). 

Mouse fibroblasts are fixed and prepared for mRN A to situ hybridization using standard 
procedures. A fluorcpbore-labeled KNA probe is prepared by in vitro transcription of a plasmid 
containing** mouse actin structural genecloned downstream of a phage T3 RNA polyrnerase promote, 
Labeling reactions consist of combining 2 uJLDNA template (t M gDNA), 1 ui. each of 1 0 mM ATP, 
CTP and OTP, 0.75 pL 10 mM UTP, 2.5 pL I mM fluorescent OTP-Compound 72 conjugate. 2 pL 10X 
transcription buffer (400 mMTris, P H 8.0, 10D mM MgCl 2> 20 mM spermidine, lOOmMNaCI), I pL 
T3 RNA polymerase (40 units/pJL), I pL 2 mg/mL BSA, and B.75 uL water. Reactions are incubated at 
37 °C for two hours. 

The DNA template is removed by treatment of the reaction with 20 units DNase I for 1 5 minutes. 
at 37-C TbeRNAtranscriptispurified* Ul ' 
then by chromatography through SEPHADEX G50.. Labeled RN A is denatured for 5 minutes at 50*C 
then hybridized to cellular preparations using standard procedures. When preparations are washed and 
viewed through a fluorescein filter on a fluorescence microscope, cells easing actin mRNA show 
bright green fluorescence. 

nsenf CornnouH Fnrth^ detection of acid phosphatase activil y: 



The rate of fluorescent product generation is measured by etching a solution oflO pM 
Compound 96 or fluorescein diphosphate (FDP) at 490 nm whiie monitoring Remission at 515 nm.n a 

acidphosphatase produce abouta6.5 times greater change in sig „ai using Compound % than FDP. 
ti.» .,c nf romnnund 94 for "f «M fl-gdnotosidase activity : 

30 The fluorescence^^ 

fluorescebdigala^^ "-h—-* 511 - 
when eK ci te dat490 ran is measured versus timefbr 50 pM substrate whh 4.6 nM err^rne in assay buffer 
(2TO n^ S odiurn P ho S pha te ^5 m Mcitri C acid,pH4„5). The initial rate of fluoresce productron 
from Compound 94 is 3.0 times that obtained using FDG. 
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tu„ t „ nf ^l.^triflHnrn-fi-methnv Yfl'^scein dteaNrlnsiffc (TF MFDG) and Compound 95 for the 
Hrtw.tinn nf endogenous fly ffwnnmn B-galac tnsi d ase a ctivity in intact cells : 

5 NIH 3T3 cells that are not transfected with exogenous p-galactosidase are cultured in Dulbecco's 

Modified Minimal Essential Medium supplemented with 10% fetal bovine serum and 2 mM L- 
Blutamine. Stock solutions of TFMFDG and Compound 95 in PBS are added to the cell culture medium 
at 1 pM. After 30 minutes at 37 °C the cells are put on ice and assayed immediately by flow cytometry 
using a FACS-Vamage instrument equipped with an argpn-ion laser (488 nm excitation). Fluorescence 

10 signals in FLI normalized for the known fluorogenic substrate FDO show that TFMFDG and Compound 
95 give signals 48,1 and 4.1 times that of FDG, respectively {Table 14). 



Table 14 



Substrate 


Fluorescence Emission 


fluorescein digalactoside 


LO 


Compound 95 


4.1 


TFMFDG 


48.1 



lS The use of Comr "" H M f " r thft detecti™ of ho n»«tMi peroxidase CHRP) activity in vitro : 
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A 2 mM solution (05 mL) of Compound 84 is prepared in watc An eqiH volume of OPD 
buffer (0.5 M Phosphate-citrate buffer) without hydrogen peroxide f;H 5.5, 0.-' mL) is added. Minor 
background fluorescence, indicating the presence of some contaminating oxidized dye, serves to provide 
a fluorescence signal at time 0. To anoffier 0 5 mL of a 2 mM solution of Compound 84 is added OPD 
buffer with hydrogen peroxide (0.5 mL), causing no detectable fluorescence increase. Addition of HRP 
(1 pL, 10* 4 Units) causes an immediate production of bright yellow fluorescence. 



Cell labeling with fluorinated fluorescein diacetates: 

Cells from a human lymphoid B-cell culture in RPMl 1640 medium are treated with I pM 
Compound 25, Compound 26, or fluorescein diacelate (FDA) at 37 °C for 30 minutes. Following 
centrifugation mi washing in PBS, the pellets are resuspended in RPMl 1640 medium for 15 rain, 
recentriragetL washed in PBS, fixed with 3.1% formaldehyde in PBS and analyzed by flow cytometry 
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using 488 run excitation. Cells stained with Compounds 25 and 26 show significantly higher 
fluorescence than those stained with FDA after two hours (Figure 5). Fluorescence in the ceils can be 
detected for at least 24 hours and the dye does not transfer to other cells when the labeled cells are mixed 
with unlabeled cells. Cells stained with 2',4' f 5',7'-tetrafluorofluorescein diacetate are also weakly 
5 fluorescent Alternatively, the stained and washed cells are viewed or analyzed without fixation. 



Detection of products of fluorinated dves in cells : 



10 
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Cells that have been stained with Compound 25 are gently lysed using PBS with 0.1% NP40. 
After removal of debris by centrifugation at 400 xg for 5 minutes, the supernatant is spin filtered by 
centrifugation for 30 minutes at 1 5,000 xg. The filtrate is analyzed using HPLC. The fluorescent 
products in the retained fraction are shown to contain horn 4,5,6,7-tetrafluarofluorescein end its 
glutathione adduct (retention times 14.7 minutes and 1 1.6 minutes, respectively, as confirmed by HPLC 
of reference compounds prepared separately using 4,5,6,7-TFFDA). Using SDS gel electrophoresis, the 
cell lysate is shown to contain several proteins, only some of which are fluorescent 



quenching of the fluorescence of 2'.r-difl«oro f 1nnrescein bv rabbit polyclonal anti-fluorescein Ig G 
f H4Q fraction: 
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Solutions of 5 x 10-9 M fluorescein and 5 x 10-9 M Compound 29 are prepared in 100 mM 
potassium phosphate buffer, pH 8.0. The fluorescence of each solution is read with excitation at 490 nm. 
Sequential additions of 0.5 mg/mL rabbit polyclonal anti-fluorescein IgG (H+L) fraction (Molecular 
Probes, Inc.) are added and the fluorescence measurements are repeated. The intensities are recorded in 
Table 15: 



Table 15: 



Antibody 
volume (|iL) 


Fluorescence Intensity 




fluorescein 


Compound 29 


0 


100% 


100% 


2 


84„6% 


83.6% 


4 


: 68.8% 


673% 


6 


54.3% 


51.9% 



58 



WO 97/39064 



tPCT/0S97/O6©90 



8 


38.5% 


36.5% 


10 


22.9% 




12 


U.7% 


13.4% 


15 


4.4% 

i 


63% 



Hie results show virtually identical binding and quenching of the two dyes. 
Procedure for dH titration of fluorinat ed fliiorophores: 

Hie dye of interest h first dissolved in a series of buffers that have each been calibrated using a 
pH meter. Acetate buffers are typically used in the range of pH 4-6, and phosphate buffers in the pH 
range 6-8. Absorption measurements are made using solutions that are approximately 10 fiM in 
concentration, and fluorescence measurements are made using solutions that ore approximately 1 pM in 
concentration. Hie absorption or emission data is then plotted vs. pH to determine pKfl values. For 
example. Figure 3 shows the fluorescence emission data for 2',7'^ifluorofluoreseein (pK a -4.7) and 
fluorescein (pK a -6.4) plotted versus the pH of the solution. The data shows that fluorination of the 
fluorophore has lowered the pKa of fluorescein significantly. The pKa of the fluorinated fluorescein is 
even lower than that of 2\7^ichlorofluorescein (pK a -5.1). 

It is to be understood that, while the foregoing invention has been described in detail by way of 
illustration and example, numerous modifications, substitutions, and alterations are possible without 
departing from the spirit and scope of the invention as described in the following claims. 
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A method of preparing a fluorinated resorcinol having the formula: 




10 



wherein 

KK K 2 and R 4 are independently hydrogen, fluorine, chlorine, hydroxy, aikyl having 1-6 
carbons or alkoxy having 1-6 carbons; provided at least one of R*, R? and R 4 is fluorine; 

comprising the steps of. 

a) treating a substituted nitrofluorobenzene having the formula 



15 




2D 



25 



wherein 

Rl and R2 are independently hydrogen, fluorine, chlorine, rdkyl having 1-6 carbons or alkoxy 
having 1-6 carbons; 

R4 is hydrogen, fluorine, chlorine, alkyi having l~6 carbons, alkoxy having 1-6 carbons or nitro; 

R3 and R 5 are independently alkoxy having 1-6 carbons, benzyloxy or F; and 
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R 6 is H or nitro; 



provided that 



5 



exactly one of R 4 and R 6 is nitro; 



at least one of R 3 and R 5 is F; end 



to 



at least one of R^ R 2 and R4 is F; 



with a displacing ion that is an alkojtide ion having 1-6 carbons or a benzyloxide ion to yield a 
nitroresorcinol diether; 

15 b) reducing the nitroresorcinol diether to yield an aroinoresorcinoi diether; 

c) diazotizing the arainoresorcinoi diether to yield a resorcinol diether diazonium salt; 

d) dediasotizmg the resorcinol diether diazoniron salt to yield a resorcinol diether, and 

20 

e) cleaving the resorcinol diether to yield said fluorinated resorcinol. 

2. A method, as in Claim 1, wherein the fluorinated resorcinol is 2-fluororesorcinoi, 4~fluororesorcinol T 
5-fluororesorcinoI, 2,4-difluororesorcinol, 4,5^ifluororesorcinol> 2 t 5^ifIuororesorcinoI or 2,4,5™ 
25 trifhiororesoreinol 

3- A compound having the formula 




30 
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R 1 R 10 R 11 n 6 



wherein 



Rl and R6 are independently ft F, Ci, Br, I, C, -Ci g alkyt or C,-Ci 8 alkoxy; 

RZRjR^^dRSare independently H,F,CI,BrJ,CN;orC 1 -CiBaItcyl,C,-C 18 alko Xy or C^-Cib 
,0 alMthio, where each aikyl, alkoxy or alkylthio is optionally further substituted by F, Ci, Br, i. sulfonic 
acid, salt of sulfonic acid, cart>oxylic acid, a salt of carboxylic acid, a carboxylic acid ester of a d-Cfi 
alcohol, acarboxylic acid ester of -CH 2 0-(C=0)-R»8 where Rl8 is a Cj-Cg alkyl, or amino, 
alkyiamino, dialkylamino, or aikoxy, the alkyi portions of which independently have 1-6 carbons; or one 
or both of R* and R 4 are -CH 2 N(CRl9HCOOR")2, «here R» is H or a Ci-C 6 alkyl, R" « ft * 
15 biologically compatible countering a linear or branched alkyi having W carbons, or -CH 2 -CKCO> 
R'»; 



AisOR 7 orNR 8 R 9 , 



20 
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where each R? is independently H, C,-C, g alkyl or a d-C 18 acyl that is optionally substituted 
by amino, hydroxy, carboxylic acid, a salt of caitoxylic acid, a carboxylic acid ester of a Ci-C 6 
alcoholacarboxylic acid ester of -CH 2 -0<C^R^; or a trialkylsilyl wherein each aikyl 
group independently has 1-6 carbons; 

where each R* and R 9 are independently H, C,-C 6 alkyl, Ci-C 6 carboxyalkyl, Ci-Q; 
sulfbalkyl, a salt of C,-C 6 carboxyalkyl, a salt of W sulfoalkyl, or Ci-C 18 acyl wherein the 
alkyl portions are optionally substituted by amino, hydroxy, carboxylic acid, salt of carboxylic 
acid, a carboxylic acid ester of a Ci-C 6 alcohol, a carboxylic acid ester of -OT 2 -0-{C=O>Rl 6, 
sulfonic acid, salt of sulfonic acid; or R« in combination with R2 or R 9 in combination with R*. 
or both, form a saturated 5- or 6-membered ring that is optionally substituted by one or more 
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methyls; or in combination with forms a saturated 5- or 6-membered heterocyde that is a 
pipsridine, a morpholine, a pyrrolidine or a piperazine, each of which is optionally substi&ited by 
methyl carboxylic acid, a salt of carboxylic acid, a carboxylic acid ester of a Cj-Cg alcohol, or a 
carboxylic acid ester of -CH2~G-(C>0)~R* *>; 

5 

R 10 i s F t carboxylic acid f a salt of carboxylic acid, a carboxylic acid ester of a C j -Cg alcohol, or a 
carboxylic acid ester of -CH2-0-(C=O)-R 1 8 ; or R* 0 is C \ -C \ g alkyl, alkeny 1 or alkynyl that is 
optionally substituted one or more times by F, CI, Br, carboxylic acid, a salt of carboxylic acid, a 
carboxylic acid ester of a Cj-Cg alcohol, a carboxylic acid ester of -CH2-0-(C= ;: D)-R^, sulfonic acid, 
10 salt of sulfonic acid, amino, alkylamtno* or dialkylammo, the aikyl groups of which have t -6 carbons; or 
RlO has the formula 




15 where R* 2 t Rl3> r!4 r!5 and R* 6 are independently H, F, CI, Br, I; or sulfonic acid, salt of 

sulfonic acid, carboxylic acid, a salt of carboxylic acid, a carboxylic acid ester of a C^Cg 
alcohol, a carboxylic acid ester of -CH2-0»(C=0)-R^ i CN, nitro, hydroxy, azido, amino, 
hydrazine; or Cj-C}g alkyl, Cj-Cig alkoxy, C^Cig atkylthio, Ci-Cjg alkylamino, C}-C]g 
alkylester, Ci~C[g alkylainido or Q-Cig arylatmdo, the alkyl or aryl portions of which are 

20 optionally substituted one or more tunes by F, CI, Br, i, hydroxy* carboxylic acid, a salt of 

carboxylic acid, a carboxylic acid ester of a C j-Ctf alcohol, a carboxylic acid ester of ~CH2-0~ 
(C=0)~Rl8, sulfonic acid, salt of sulfonic acid, amino, alkylamino, dialkylamino or alkoxy, the 
alley! portions of each having 1-6 carbons; or one pair of adjacent substituents and R'4 f rI4 
and R*5 or R*5 and R^, when taken in combination, form a fused 6-membered aromatic ring 

25 that is optionally further substituted by carboxylic acid, a salt of carboxylic acid, a carboxylic 

acid ester of a C j ~Cg alcohol, a carboxylic acid ester of -CH2-0-(OOVR l ft; and 



Rl * is H, hydroxy, CN or a Ci-Cg alkoxy; or RH* in combination with R* ' forms a 5-membered 
spirolactone ring or a 5-membered spirosultone ring; or R^ in combination with R |2 forms a 5- or 6- 
30 membered spirolactone ring or a 5- or 6-membered spirosultone ring that is optionally and independently 
substituted by H, F or CH3; or R*° when taken in combination with R^ is a carbonyl oxygen; 
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provided that at least one of Rl, kK K\ R 4 R* R6 R»° R«. R 13 . R 14 . R 15 or Rl6 is F, and, where 
only one of R* , r2 R 3 , R 4 R*. R«, R™, R 12 . R 13 , R 14 , R 15 °r R 16 is F, R« 4 is not F. 

4. A compound, as in Claim 3, wherein at least one of R 3 , R 4 , R*. R? R«. R^, R.I0. r!2, r13, r14 
Rl5 and Rl6 is -L-R K , or is modified to be -L-R x , where each -L-R x is optionally the same or different; 



L is a single covalent bond, or L is a covalent linkage having 1-24 nonhydrogen atoms selected 
from the group consisting of C, N, O and S and is composed of any combination of single, 
double, triple or aromatic carbon-carbon bonds, carbon-nitrogen bonds, nitrogen-nitrogen 
bonds, carbon-oxygen bonds and carbon-sulfur bonds; and 



R x is a reactive site. 

15 

5. A compound, as in Claim 3, wherein at least one -L-R x is modified to be -L-S c , where each -L-S c is 
optionally the same or different; and 

Lisa single covalent bond, or L is a covalent linkage having 1-24 nonhydrogen atoms selected 
20 from the group consisting of C, N, O and S and is composed of any combination of single, 

double, triple or aromatic carbon-carbon bonds, caroon-flitrogen bonds, nitrogen-nitrogen 
bonds, carbon-oxygen bonds and carbon-sulfur bonds; and 



25 



S c is a conjugated substance. 
6, A compound, as in Claim 3, 4, or 5, wherein at least one of R?, R* or R» is modified to be a BLOCK; 



wherein each BLOCK moiety is independently a monovalent moiety derived by removal of a hydroxy 
group from phosphate or from sulfate, or a biologically compatible salt thereof, or a monovalent moiety 
30 derived by removal of a hydroxy group from a carboxy group of an aliphatic or aromatic carboxylic acid 
or of an amino acid, protected amino acid, peptide, or protected peptide; or a monovalent moiety derived 
by removal of a hydroxy group from an alcohol or from a mono- or polysaccharide, where said BLOCK 
is selected to be removable from said compound by action of an enzyme; or BLOCK is a photolabile 
caging group. 
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7 A compound, as In Claim 3 t 4, or 5 t wherein at least one of R 3 , R 4 or R* is F. 
8„ A compound, as in Claim 3, 4, or 5, wherein R 2 ond R 5 are F. 

5 

9 A compound, as in Claim 3, 4, or 5, wherein at least three of R« \ R 14 . R !S , and R** is F. 

10. A compound, as in Claim 3, 4, or 5, wherein R« is carboxylic acid, a salt of carboxylic acid, a 
sulfonic acid or a salt of sulfonic acid. 

10 

1 L A compound, as in Claim 3 t 4, or 5, wherein R* and R6 are H and R2 R 3 , R 4 R* are independently 
H,F, CI, Br t IorCi-C 6 alkoxy, 

IZ A compound, as in Claim 3, 4, or 5, wherein A is OR 7 . 

15 

13, A compound, as in Claim 12, wherein each R? is H. 

14, A compound, as in Claim 3, 4, or 5 wherein R* Ms HI 

20 15, A compound, as in Claim 3, 4, or 5, wherein A is NR 8 R 9 . 

16. A compound, as in Claim 3, 4, or 5, wherein each of substituents R* , R 2 , R 3 , R 4 , R 5 , R 6 , R 13 > R 14 , 
Rl5 and R* 6 are either F or R 

25 17, A compound, as in Claim 3, having the formula 
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wherein 

R^ R 3 , R 4 and R$ are independently H or F; 

^12 i s carboxylic acid, a salt of carboKylic acid, a carboxylic acid ester of a Cf-Cg alcohol, sulfonic acid 
or a salt of sulfonic acid; 

Rl3, r14 r15 and Rl& are independently H; F; carboKylic acid; a salt of carboxylic acid; a carboKylic 
acid ester of a C t -C 6 alcohol; a carboxylic acid ester of XH 2 -O-(C-0>R* *** sulfonic acid; Bait of 
sulfonic acid; or C] -Ce alkylthio that is optionally substituted by carboxylic acid, a salt of carbolic 
acid, a carboxylic acid ester of a C] -C 6 alcohol, or a carboxylic acid ester of -CH2^(C=0>RlS 

1 8. A compound, as in Claim 4 or 5, wherein each L independently contains 1-6 carbon atoms, is a 
single covaient bond, or the longest linear segment of L contains 4-10 nonhydrogen atoms including 1-2 
heteroatoms, 

19. A compound, as in Claim 4 or 5, wherein exactly one of R^ F rB, Rl4 r15 md R !6 is ^ R)C or 

20. A compound, as in Claim 4 or 5. wherein exactly one of R*. R*, R 4 , R 5 . R 7 . R 5 . R 9 or R 10 is -L-^x 
or -L-S c . 

21 . A compound, as in Claim 4, wherein R x is an acrylamtde, an activated ester of a carboxylic acid, an 
acyl azide, an acyl halide, an acyl nitrile, hydroxy, an aldehyde, an alfcyHialidera sulfonate, an amine, an 
anhydride, an aniline, an aryl halide, an azide, an aziridme. a boronate, a carboKylic acid, a carbodiimide, 
a diazoaikane, an epoxide, a glycol, a haloacetaroide, a halotriazine, a hydrazine, a hydroxyzine, an 
imido ester, an isocyanate, an isothiocyanate, a ketone, a maleimide, a phosphoramidite, a silyl halide, a 
sulfbnyl halide, or a thiol group 

22. A compound, as in Claim 21, wherein Lis a single covaient bond and R a is a carboxylic acid, an 
activated ester of a carboxylic acid, an amine, an azide, a haloacetamide, an alkyl halide, a sulfonyl 
halide, an isothiocyanate, or a maleimide group. 
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23. A compound, as in Claim 5, wherein S c is an amino acid, peptide, protein, polysaccharide, 
ion-complexing moiety, nucleotide, oligonucleotide, nucleic acid, drug, lipid, lipophilic polymer, non- 
biological organic polymer, animal cell, plant cell, bacterium, yeast, or virus, 

24, A compound, as in Claim 23, wherein S c is a phospholipid, lipoprotein, lipopolysaccharide, or 
liposome. 



25. A compound, as in Claim 23, wherein S c is an amino acid, peptide, protein, nucleotide, an 
oligonucleotide, a nucleic acid, an fon-complexing moiety, a polysaccharide, or a non-biological organic 

10 polymer or polymeric microparticie, 

26. A compound, as in Claim 25, wherein S c is an antibody, antibody fragment, avidin, streptavidin, 
lectin, protein A or protein G. 

15 27. A compound, as in Claim 6, wherein A ts OR? andR? is BLOCK 

28„ A compound, as in Claim 27, wherein BLOCK is an ester of phosphate, sulfate or an aliphatic or 
aromatic carboxylic acid, 

20 29 A compound, as in Claim 6, wherein BLOCK is an ether of an alcohol or a mono* or polysaccharide 

30, A compound, as in Claim 6, wherein R? and R» are BLOCK and BLOCK is a photolabile caging 
group that is an a-nitroarylmethine, a 2-methoxy»5»nitrophenyl or a desyl moiety. 

25 3 L A compound, as in Claim 6, wherein R 9 is H; R8 is BLOCK where BLOCK is an amino acid, a 

peptide or a protected peptide; or R fi is a Cj-Cig aliphatic carboxylic acid, orylalkanoic carboxylic acid 
or alkylaromatic carboxylic acid, the alkyl and aryl portion of which are optionally substituted one or 
more times by F, CI, Br, I, hydroxy, caiboxylic acid, a salt of carboxylic acid, a carboxylic acid ester of a 
C |-Ce alcohol, or a carboxylic acid ester of -CH2-0-{C=0}-R IB 

30 

32. A method of staining a biological sample, comprising the steps of: 

a) preparing a dye solution comprising a dye compound as in any of Claims 4, 5, 6 or 7 in a 
concentration sufficient to yield a detectable optical response under the desired conditions; 
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b) combining the sample of interest with the dye solution for a period of time sufficient for the dye 
compound to yield a detectable optical response upon illumination; and 

5 c) illuminating said sampie at a wavelength selected to elicit said optical response 

33, A method of staining, as in Claim 32, farther comprising combining the sample with an additional 
detection reagent that has spectral properties that are detectably different from said optical response- 

10 34. A method of staining, as in Claim 32, further comprising the step of determining a characteristic of 
the sample by comparing the optical response with a standard response parameter. 

35„ A method of staining, as in Claim 34, wherein the characteristic of the sample being determined is 
the activity of an oxidative enzyme in a sample, and where for said dye compound R 1 1 is H. 

15 

J6 . A method of staining, as in Claim 34 t wherein said sample comprises cells, and the characteristic of 
the sample being determined is the retention efficiency of said cells, and wherein the dye solution 
comprises a dye of the formula 




wherein 



R* r3, r4 R 5 ^ independently H, F, CI, Br, I, CN, Ci-Cig aikyl, Cj-Cig alkoxy or Cj- 
C{ 8 alkyhhio, wheie each aikyl, alkoxy or alkytthio is optionally further substituted by F> CI. Br, 
I amino, alkylamino, dialkylarnino, or alkoxy, the alky! portions of which independently have t~ 
6 carbons; or one or both of R* and R* are .CH 2 N(CH 2 COORl 7^ whe re R* 7 is a linear or 
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branched alkyl having 1-6 carbons, or "CH2~0-(C=0>"R 18 where R« is a C1-C4 alltyl; and 
BLOCK is acetate; 

in at least a minimum concentration to give a detectable optical response that is fluorescence emission- 

5 

37„ A method of staining, as in Claim 32, wherein comparing comprises tracing the temporal or spatial 
location of the optical response within the biological sample. 

3B A method of staining, as in Claim 37, wherein for said dye compound 

10 

R?, R 3 , R 4 and R 5 are independently H or F; 

Rl2 is carboKylic acid, a salt of carboxyiic acid, a carboxylic acid ester of a Cj-Cg alkyl, a carboxylic 
acid ester of -CH2-O(0O)-R IB , sulfonic acid or a salt of sulfonic acid; 

15 

Rl3 t r!4 ? rIS and R !6 are independently H; F; carboxylic acid; a salt of carboxylic acid; a carboxylic 
acid ester of a Ci-C^ alley I; a carboxylic acid ester of ^2rO-#^>- Rl 8; sulfonic ««4 ^ of sulfonic 
acid; or Cj-Cg alkylthio that is optionally substituted by carboxylic acid, a salt of carboxylic acid, a 
carboxylic acid ester of a C \-C$ alkyl, or a carboxylic acid ester of CH^CMCKtyR 1 B , 

20 

39. A method of staining, as in Claim 37, wherein for said dye compound 

one or both of R* and R 4 are -C^NfCRlSteCOOR* 7 )^ where R*? is H, a biologically 
compatible counterfoil a linear or branched alkyl having 1-6 carbons, or-CH2-CKC=0>R 18 
25 where R 18 is a Ci~C4 alkyl; and R 19 is H or CH3; 



or 



one or R 13 , R.' 4 R 15 and R*6 is carboxylic acid, a salt of carboxylic acid, a carboxylic acid 
30 ester of a C^Cfc alcohol, a carboxyiic acid ester of ^CH2-O(C=0)-R^ where R*8 is a Ct~C4 

alkyl, sulfonic aoi salt of sulfonic acid, Cy-Cig alkyl* Cj-C] g alkoxy, Cj-Ci & alkylthio, C j- 
C|fl alkylamino, Ci~C\% alkylamtdo or C^Cib arylamido. 



40. A method of staining, as in Claim 39, wherein one of R 13 , R !4 , R 15 and R^ is Cj-Ci& alkyl, Ci- 
35 Cig alkoxy t Ci-Ci8 alkylthio, Ci*C|8 alkylamino, C^Cig alkylamidoorC|-Cig arylamido. 
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41 . A method of staining, as in Claim 37, wherein for said dye compound 

at least one of Rl3, Rl4 r15 R 16 ; s . L ~r x ; 

where R x is a haloacctamide, an alkyl halide, haiomethylbenzaniido or pcrfluorobenzamido, 

42, A method of staining, as in Claim 37. wherein for said dye compound 

at least one of R i3 > R 14 , R 15 and R*6 is -kS c ; 

where S c is a protein, a polysaccharide, an ionnsoinplexing moiety, a lipid, or a non-biological 
organic polymer or polymeric microparticle, that is optionally bound to one or more additional 
fltiorophores that are the same or different 

43. A method of staining, as in Claim 37, wherein for said dye compound 

at least one R? is a BLOCK that is a monovalent moiety derived by removal of a hydroxy group 
from a carboxy group of a carboxylic add, or BLOCK, is a photolabile caging group, 

44, A method of staining, as in Claim 32 wherein said sample further comprises cells, and wherein for 
said dye compound 

at least one R7 is a BLOCK or H; 

R 1 1 ia combination with R^ forms a 5~ or 6-membered spirolactone ring or a S- or 6-membered 
spirosultone ring; and 

eachofRtt-R 16 is F: 

further comprising optkrna^washiiiS cells * after combining the samplewith thedye-eomporad, -to- 
remove residual dye compound that is outside said cells. 
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Figure 1 
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